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3 magnetic storage devices and can be also exploited for the purposes of nondestructive materials characterization. Of particular interest in this study was magnetic memory of the mechanical deformation history of ferromagnetic materials that can be directly related to remaining strength and service life of fracture critical components. The underlying physical phenomenon behind such magnetic memory of a mechanical origin is the so-called magneto-mechanical effect [6, 13, 14] , in which the application of stress in a ferromagnetic material causes the rearrangement of magnetic domains, thereby causing a change in the magnetization of the material. The MMM method is generally rather weak and perceivable only in the absence of strong applied magnetic fields. Therefore these NDE techniques require high detection sensitivities commonly encountered in residual magnetic flux leakage measurements. Jiles and Atherton laid down the foundation of NDE based on the elastic magneto-mechanical effect [13, 14] , which shows that the largest change in RMLF is always in the very first elastic loading cycle. Then, further cycling at the same stress level has no significant effect on the RMLF signal. Dubov reported stronger cumulative elastic and plastic magneto-mechanical effects that he called the "magnetoelastic" effect [5] and "magnetoplastics" [6] , respectively. These effects were reported to manifest themselves in an irreversible increase of RMLF in the presence of a weak external field, as shown in Fig. 1 .
Dubov postulated that cyclic plastic strain has a cumulative effect, so that the RMLF increases right up to point of failure. This effect would make defects producing stress concentrations in heavily loaded structures progressively easier to detect as failure approaches, and could be a very attractive approach for NDT. However, before basing an inspection procedure on the method, it is necessary to determine the strength of the effect in the materials of interest. The magneto-mechanical effect is sensitive to the microstructure of the ferromagnetic material, meaning that mechanical cyclic softening or strengthening can be observed on different materials [15] .
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A potentially significant advantage of the MMM technique as a means to locate stress concentration or monitor defects is that the signal intensity is not as significantly affected by the stand-off as other techniques such as ultrasound or eddy current inspection [3, 16] . This could allow the technique to be applied for detection of corrosion under insulation or in buried pipes at significant stand-off [17] . The MMM technique has been implemented as a periodic screening inspection tool by measuring RMLF distribution on the outer surface of a specimen [18] . It has been reported to be capable of evaluating the degree of stress concentration [19] [20] [21] [22] , indicating the deformation stage [23] [24] [25] [26] , and monitoring fatigue crack propagation [27] [28] [29] .
Recent publications have suggested that the MMM technique has low reliability when used for stress assessment if the formation conditions of the remanence state are not taken into account [30] [31] [32] . Different formation conditions may cause significant variation in remanent magnetization. The RMLF produced due to stress concentration depends on many factors, such as the initial magnetic state [33] , the external background magnetic field [34, 35] , the chemical composition and microstructure of the material [15, 35] and the load history [36] . In most MMM experiments in the published literature, the chemical composition of samples was known in advance, and the samples were usually demagnetized prior to the application of stress. As the source of excitation in the MMM technique, the background magnetic field only changes the MMM signal magnitude, and does not change the profile of the response curves. The load history has a more complex influence on the MMM signal, due to the hysteresis of the magneto-mechanical effect [13, 36] .
During site trials, the MMM technique has been shown to detect defects in some instances, but has failed in other trials [37] . It is interesting to note that diagrams of the form of Fig. 1 are often presented in a schematic form in papers on the MMM technique [5, 6, 38] , rather than being illustrated with real experimental data. In this paper we evaluate the sensitivity of the MMM technique using permanently installed monitoring systems on some steel alloys commonly used in pipeline applications. The primary question this study raises is whether the magnetic memory exhibited by some common Grades of L80 pipe steel conforms to the relatively weak magneto-mechanical effect predicted by Jiles and Atherton [13, 14] or to the empirical observations of a stronger cumulative magnetoplastic effect reported by Dubov [6] and others. Both effects occur in the presence of weak external magnetic fields such as the natural geomagnetic field (30-50 A/m).
In this paper, dog-bone specimens were prepared from representative materials and tensile testing was carried out. In addition, four point bending tests were performed on a pipe specimen. Both the normal and tangential components of the stress-induced RMLF just above the specimen surface were measured by means of permanently installed magnetic sensor arrays. Two types of notches were machined in the dog-bone specimens to introduce local stress concentration. The variations of the MMM signal during elastic and plastic deformation during the loading process under different strength biasing magnetic fields were investigated. Tests were also carried out on a pipe made from one of the materials in four M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 6 point bending in order to investigate whether similar effects were seen in geometries more representative of industrial practice.
Experimental set-ups and samples
Specimen preparation
Samples were prepared from three different grades of L80 alloy steel [39] , which are commonly used for pipelines in the petrochemical industry, and from 20 other structural steels [40] [41] [42] [43] [44] [45] . The chemical composition and mechanical properties of these steels are shown in Table I and Table II in the Appendix, respectively. The 5 mm thick, flat, dog-bone shape specimens were machined from pipes of various diameters and wall thicknesses or plates of various lengths and widths, with the dimensions shown in Fig. 2 .
One 450 mm long pipe specimen was prepared for a four point bending test. The material of the pipe specimen was 4140-L80 with outer diameter 60.32 mm and wall thickness 4.83 mm.
Experimental instrumentation
An Instron 1185 testing machine, whose load error is ±0.5%, was used to carry out the tensile tests on the dog-bone specimens and a Testometric 100 kN FS machine was used to carry out the four point bending test on the pipe specimen. To reduce the influence of surrounding ferromagnetic materials, the specimen clamps for the tensile test and the loading cells for the bending test were made of non-magnetic stainless steel. 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
7
The normal and tangential components of the stress-induced RMLF, which are known as the MMM signal, were measured by two permanently installed magnetic sensor arrays. Each magnetic sensor array consists of 16 channels (8 normal channels and 8 tangential channels) of AMR sensors AFF755B, whose resolution is 0.0016 A/m and sensitivity is 15 (mV/V)/(kA/m) [46] .
For the dog-bone samples, two linear AMR sensor arrays were fixed on the sides of the specimen surface to isolate magnetic fields originating inside the specimen. The 16 channels of AMR sensors were labeled 1 to 16 and fixed on two 3D printed ABS plastic sensor holders, as shown in Fig. 3 . The tangential magnetic field sensors were marked by odd numbers (blue colour), while the normal ones were marked by even numbers (orange colour).
Here, the "normal magnetic field" component is in the direction normal to the specimen surface, while the "tangential magnetic field" is in the direction parallel to the specimen surface in the length direction of the sample. The tangential and normal magnetic field sensors were placed alternately in the length direction. The designations f and b represent the front face and back face, respectively.
Two ring AMR sensor arrays were fixed on the outer surface of the pipe specimen, as shown in Fig. 4 . The tangential magnetic field sensors were marked by odd numbers (blue colour), while the normal ones were marked by even numbers (orange colour). Here, the "normal magnetic field" component is in the direction normal to the pipe surface, while the "tangential magnetic field" is in the direction parallel to the specimen surface in the axial direction of the pipe. The tangential and normal magnetic field sensors were placed alternately in the circumferential direction.
An electrical circuit was designed to control the 32 channels of AMR sensors, as shown in corresponding specimen is either a dog-bone sample or pipe sample. The AMR sensors were powered by a constant voltage power supply. The multiplexer, which consists of 4×16 channels, was divided into two groups and controlled by a Pico data logger to switch the differential outputs of the AMR sensors into a two channel amplification circuit. The amplified voltages were captured by the Pico data logger and then sent to a PC for post processing.
Experimental procedure
Five experiments were conducted in this study. Firstly, one 4140-L80 dog-bone specimen was chosen to study the elastic magneto-mechanical effect described by Jiles and Atherton [13, 14] . Secondly the strength of the plastic magneto-mechanical effect on three kinds of L80 dog-bone specimens was checked under plastic deformation. Next, two types of notches were machined on 4140-L80 dog-bone specimens in order to investigate whether the effects were stronger in the presence of localized change of the sort that would be of interest to detect.
Some pipelines are routinely inspected by 'pigging' using the magnetic flux leakage (MFL) technique and this leaves significant remnant magnetisation [47] . It was therefore also of interest to investigate whether the presence of remnant magnetization affected the MMM measurements. It should also be remembered that the geometry of the dog-bone sample used should produce a stronger MMM signal than would be observed in a pipe specimen for the same level of applied stress. This is because one would expect the magnetic return path in a pipe geometry to reduce the amount of magnetic flux leakage when compared to the dog-bone sample shape. Therefore, a four point bending test was carried out on a pipe specimen to study the elastic magneto-mechanical effect.
These experiments were carried out at room temperature and in the presence of the Earth's magnetic field (horizontally northward 15.12 A/m and vertical component perpendicular down to the Earth's surface 35.81 A/m). Before testing, all the specimens were demagnetized by a Magnaflux L-10 coil to eliminate any magnetization generated during machining.
Magnetization change under elastic load
To study the elastic magneto-mechanical effect, a 4140-L80 dog-bone specimen was loaded to 250 MPa (about 45% of the yield strength). Instead of loading the specimen direct to 250 MPa, the load was increased in three steps:
(1) Two load and unload cycles from 0 to 100 MPa with readings taken at 10 MPa steps, without demagnetizing between cycles.
(2) Two load and unload cycles from 0 to 180 MPa with readings taken at 10 MPa steps, without demagnetizing. By increasing the load in steps, the magnetization change due to first loading cycle and further cycling at the same stress level can be clearly distinguished. Two linear AMR sensor arrays as shown in Fig. 3 were fixed on both sides of the dog-bone specimen using brass screws. The lift-off distance between AMR sensors and the specimen surface was 1 mm.
Magnetization change under plastic load
Three types of L80 dog-bone specimens were used to study the plastic magneto-mechanical effect based on the mechanical properties given in Table 2: (1) 4140-L80 cycled up to 20% strain in 5% steps, without demagnetizing.
(2) 9CR-L80 cycled up to 0.5% strain in 0.1% steps, without demagnetizing.
(3) 13CR-L80 cycled up to 0.5% strain in 0.1% steps, without demagnetizing.
The MMM signal was measured by the same linear AMR sensor arrays simultaneously when applying the load. To measure the strain, four strain gauges were used to make a Wheatstone bridge. One strain gauge was attached on the specimen surface and the other three were used as references. A photograph of the AMR sensor array and strain gauge configuration is shown in Fig. 6 .
Notched samples
In order to produce local stress concentration during loading, two types of notches were machined in the center of two 4140-L80 dog-bone specimens labeled A and B, respectively.
Specimen A was machined with two semi-cylindrical notches on the face surfaces, as shown in Fig. 7 (a). Specimen B was machined with two semi-cylindrical notches on the side surfaces, as shown in Fig. 7 (b). The dimensions of the notches are listed in Table 1 . 
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The MMM signal from the notched samples was measured using the same linear AMR sensor arrays as already described, in the following steps:
(1) Demagnetize the dog-bone specimen.
(2) Measure the MMM signal with no load at different levels of biasing magnetic field, which was generated by a Helmholtz coil, as shown in Fig. 8 . The Helmholtz coil, with a diameter of 300 mm, was placed horizontally and in the East-West direction. After magnetization, the dog-bone sample was loaded in 50 MPa steps to a nominal average stress of approximately 600 MPa and then unloaded in 50 MPa steps. Magnetic measurements were taken at each load step.
Notch type Notch diameter (mm) Notch depth (mm)
Specimen
Magnetization change of pipe sample under a four point bending test
A four point bending test was performed on a pipe specimen to study the stress-induced RMLF in the magnetic return path of a pipe geometry. A schematic diagram of the four point bending test is shown in Fig. 9 . The span distances of L 1 , L 2 and L 3 are the same (L 1 = L 2 = L 3 =100 mm). To reduce stress concentration at the loading points, four aluminum sheets (4 mm thick) were inserted into the contacting area between the rollers and the pipe sample. One pair of strain gauges (pair I) were placed in the center part of the pipe sample, with one on the By increasing the load in steps, the magnetization change due to the first loading cycle and further cycling at the same stress level can be clearly distinguished. Two ring AMR sensor arrays as shown in Fig. 4 were fixed on the outer surface of the pipe specimen using brass screws. The lift-off distance between the AMR sensors and the pipe surface was 1 mm. 
Tests on wider variety of steels with side notches
Having completed the extensive tests above on 4140-L80 steel, a representative test was then carried out on a further 20 steels in order to see whether the same trends were seen. The same side notches as shown in Fig. 7 (b) were machined in dog-bone specimens made from these steels. The notched samples were tested in the following steps:
(1) Demagnetize;
(2) Increase load in steps ( ≤ 5% yield strength) to a nominal average stress of approximately 10% above the yield stress yield strength and take magnetic measurements at each load step;
(3) Unload in steps (≤5% yield strength) and repeat magnetic measurements at each step.
Experimental results and analysis
Magnetization measurement under elastic load
Our goal was to selectively measure the magnetic field produced by sources inside the specimen by suppressing the magnetic field originating from external sources. Based on the experimental results, it was found that the tangential magnetic field signal does not vary significantly in the area tested, and so to summarize the data for each loading test, the tangential field data from each side of the sample is averaged, as shown in Eq. 
To present the experimental data more clearly, the raw data was compressed according to Eqs. (1) and (2) . After this, the magnetization change during six load cycles can be obtained.
It was found that the results on repeat loading cycles to the same maximum load were almost identical to those of the first cycle. The solid and dashed lines indicate the loading and unloading steps, respectively. An irreversible change is seen in initial loading to a given load, while subsequent unloading and reloading gives reversible changes. This finding on the elastic magneto-mechanical effect is completely consistent with that obtained by Jiles and
Atherton [13, 14] , but the effect is small (about 10 A/m maximum compared with the Earth's magnetic field ~40 A/m). 
Magnetization measurement under plastic load
The raw data of magnetization change during plastic tests was compressed according to Eqs. (1) and (2) . The curves from repeat measurements at the same strain level were averaged due to the small signal levels. The magnetization change for the 4140-L80 sample during plastic deformation is shown in Fig. 11 .
It can be seen that the profile of the tangential magnetic field is similar to that of the normal magnetic field. Likewise, the tangential and normal magnetic fields have similar profiles for the 9CR-L80 and 13CR-L80 samples, except that the signal amplitude is different.
Due to the limited space available on the sample surface with the AMR sensors used, only the normal magnetic field was measured for the other two samples, and is shown in Fig. 12 .
From Fig. 11 and Fig. 12 , it can be seen that the stress history affects the MMM signal, but the effects are small in these materials (about 10-20 A/m compared with the Earth's magnetic field of ~40 A/m in the lab), and the plastic deformation tends to reduce the MMM signal.
The results show no evidence of the cumulative effect due to cyclic plastic strain reported by Dubov [6] . In this experiment, the plastic strain is essentially uniform along the sample length direction. Therefore it was decided that localized strain deformation would be introduced in the next stage of the experiments to further check the plastic magneto-mechanical effect.
Magnetization measurement of notched samples
By localizing the plastic strain the localized magnetization becomes easier to detect through the resulting RMLF. Figure 13 presents the experimental results of the face notched sample at different biasing magnetic field before being loaded. The variation of the normal magnetic field at different axial positions is much more obvious than that observed for the tangential magnetic field. Therefore, only the normal field is presented in further results.
The magnetic signal of interest in Fig. 13 is surrounded by incoherent noise which makes analysis of the correlation with the controlled input parameters difficult. A matched filter was therefore proposed which takes advantage of the a-priori knowledge of the system, in order to suppress the noise that does not match the expected behavior of the signal. One must note the limitations of this approach, in that noise that matches the expected behavior of the signal will pass through the filter, and it is only applicable to simple situations with a known specimen geometry and loading process. The filter steps are outlined below: 
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(1) The general slope of the data was removed as this is only related to the specimen geometry.
(2) The average value of the field was subtracted, as the normal magnetic field on the specimen surface should have odd symmetry with a vanishing average.
(3) The normal magnetic field data equidistant from the sample center were averaged with an inverted sign as the normal field produced by magnetization exhibits odd symmetry about the specimen center (due to the alternation of adjacent normal and tangentially oriented sensors, there was an offset equal to the array pitch between sensors above and below the sample center). 
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The peak to peak amplitude of the filtered magnetic field was then calculated on sensors 6-12, as these sensors were closest to the notch as shown in Fig. 3 . After data processing, comparison of the peak to peak value of the normal magnetic field perturbation under different biasing magnetic fields can be obtained for both types of notched specimens, as shown in Fig. 14 . The average value was subtracted as the expected normal magnetic leakage field caused by magnetization inside the specimen is zero. The cross markers are the measured data points and the solid line is the fitted line based on linear regression. As expected, the perturbation generated by the notch is proportional to the applied field, but it is much smaller in magnitude than the applied field. The test was repeated after the samples had been loaded to a nominal average stress of 600 MPa, and it was observed that the effect was increased but was still relatively small. Figure 14 (a) shows that the slope of the fitted curves increases from 8.5% (before load) to 16 .1% (after unloading from 600 MPa) for the face notched specimen, while for the side notched specimen the slope increases from 2.3% (before load) to 20.6% (after unloading from 600 MPa), as shown in Fig. 14(b) . It can be seen that the plastic deformation and residual stress around the notches after loading will increase the remanent flux leakage. The effect of side notches is larger than that observed for face notches. This is because the side The notched dog-bone specimens were also loaded and unloaded in 50 MPa steps. Figure   15 shows the normal magnetic field of the face notched specimen at different loading and unloading steps, where the solid and dashed lines indicate the loading and unloading steps, respectively.
The normal component of magnetic field was used for data post-processing by using the filter steps 1-3 outlined previously. Here, the data from the original zero load case was subtracted from all other load cases, so that the remaining magnetic field profiles are only due to stress-induced magnetization. The comparison of the normal magnetic field profiles of the two types of specimens during the loading and unloading steps is shown in Fig. 16 . 
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Based on the matched filter outlined previously, the raw data of the normal magnetic field was processed. The relationship between the magnetization change and loading steps was calculated, as shown in Fig. 18 .
It can be seen that the remanent magnetization has been significantly decreased with a small applied stress (about 150 MPa). Plastic deformation generated by the notches has a relatively small effect on the MMM signal, as described in the previous section. During the rather, it tends to erase the magnetic memory.
Magnetization measurement of pipe sample under a four point bending test
Based on the experimental results, it was found that the tangential magnetic field signal does not vary significantly in the area tested. In order to suppress the magnetic field originating from external sources and summarize the data for each loading test, the averaged tangential magnetic field data from the whole circumferential direction of the pipe specimen is presented, as shown in Eq. (3). 
To present the experimental data more clearly, the raw data was compressed according to Eqs. (3) and (4); after this, the magnetization change during six load cycles can be obtained.
It was found that the results on repeat loading cycles to the same maximum load were almost M A N U S C R I P T
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identical to those of the first cycle. Therefore only the average results are presented in Fig. 19 , the arrows indicating loading or unloading. An irreversible change is seen in initial loading to a given load, while subsequent unloading and reloading gives reversible changes. However the effect is small (about 25 A/m maximum compared with the Earth's magnetic field ~40
A/m).
The dog-bone sample should produce a stronger MMM signal than the pipe specimen for the same level of applied stress, but Fig. 19 shows that the magnetization change of the pipe specimen is about 25 A/m under 250 MPa stress, while the magnetization change of the dog-bone specimen is 10 A/m under 250 MPa stress as shown in Fig.10 . The reason for the larger magnetization change of the pipe specimen is due to the influence of the Testometric machine. There are two support arms of the machine that are made of ferromagnetic material.
The gap between the pipe specimen and the arms is small (about 25 mm) so the pipe specimen was in the magnetic return path and the external bias magnetic field was reinforced, which caused a larger magnetization change under the same level of applied stress [13] .
The MMM technique has been implemented as a periodic screening inspection tool and reported to be capable of measuring stress concentration and detecting defects. However, these results indicate that it will not be a useful technique in practice in the field for these steel alloys.
Variety of steels with side notches
Since complex tests conducted on full-scale pipes produced very similar results to those obtained by much simpler means on simple, small machined specimens, it was decided to investigate whether the cumulative magnetoplastic effect could be found in other materials on the side-notched dog-bone specimen shown in Fig. 7(b) with dimensions listed in Table 1 .
Specimens of each of 20 structural steels were prepared and loaded and unloaded in steps (≤ 5% yield strength). The normal component of magnetic field was processed using the filter steps 1-3 outlined previously in Section 4.3. Figure 16 shows that the peak to peak amplitude of the magnetic field varies with load and this erratic behavior was seen in the tests on all the steels. Table 2 shows the maximum peak to peak amplitude for each steel; from Fig. 16(b) , this is 5.2 A/m for the 4140-L80 steel. Table 2 indicates that there are measurable MMM effects of the steels tested, but again 
Discussion
The primary question this study raised was whether the magnetic memory exhibited by common Grade L80 pipe steels and other structural steels conforms to the relatively weak magneto-mechanical effect predicted by Jiles and Atherton [13, 14] or to the empirical observations of a stronger cumulative magnetoplastic effect reported by Dubov [6] and others.
Both effects occur in the presence of weak external magnetic fields such as the natural geomagnetic field (30-50 A/m). In the case of the well understood ordinary magneto-mechanic effect, application of stress tends to release the pinned domain walls and thereby diminishes the magnetic hysteresis. This leads to an irreversible change of magnetization towards the anhysteretic equilibrium in the material at the prevailing external magnetic field level. This irreversible change towards the anhysteretic equilibrium value could be either positive or negative depending on the initial magnetization. If the material is in a demagnetized initial state, the change of magnetization will be positive, i.e., in the direction of the external magnetic field, because the initial magnetization curve of ferromagnetic materials always lies below the anhysteretic curve [50] . Movement of pinned domain walls is similar to dislocation motion under plastic deformation, but we will reserve the term "plastic" change to irreversible mechanical deformation. Most of the irreversible change of magnetization occurs in the first cycle of loading. However, the anhysteretic magnetization is also slightly stress dependent because of domain-wall bending, a phenomenon analogous to dislocation bending during elastic mechanical deformation, which leads to relatively small reversible changes of magnetization during the following cycles.
Let us consider cycling at the same stress level as earlier shown in Fig. 1 . Regardless whether the first cycle is purely elastic or partially plastic, it is the only one that causes 'cyclic state' the change in B produced by the stress is often considerably less than for the first application of the same stress."
As described by Dubov [5, 6] , the so-called Metal Magnetic Memory method is based on a much stronger cumulative process of "self-magnetization" in ferromagnetic bodies. Such self-magnetization occurs when the strain-induced magnetization due to the inverse magnetostrictive effect (also known as Villari effect) is much stronger than the weak external magnetic field. Although there is little doubt that cumulative self-magnetization can occur in ferromagnetic materials when exposed to cyclic deformation in the presence of a weak external magnetic field, very little is known in the scientific literature about the magnitude of this "magnetoplastic" effect in engineering materials such as commonly used pipe steels.
There is plenty of evidence that the Metal Magnetic Memory method can be exploited for flaw detection when it is used just like any other residual magnetic flux leakage technique to detect surface-breaking cracks or subsurface ones at shallow depths, though its selectivity is questionable as there are many competing influences on the magnetization of the material [52] [53] [54] . However, the use of this NDE method for quantitative materials characterization crucially depends on whether a cumulative process of self-magnetization occurs in typical engineering materials, such as pipe steels, an issue that is highly relevant from the points of Grade L80 pipe steels (4140-L80, 9CR-L80, 13CR-L80) and twenty other structural steels tested in our study conforms to the weak magneto-mechanical effect predicted by Jiles and Atherton [13, 14] and showed no indication of the cumulative magnetoplastic effect that is required for the MMM as described by Dubov et al. to be capable of reliably detecting small area of stress concentration. Distinguishing between these two competing magnetization mechanisms is rendered easy and unequivocal by the fact that in the former case cyclic loading erases rather than builds up the magnetic memory. In this study, the stress concentration is due to geometrical wall thinning that would occur due to corrosion or erosion;
it may be that other mechanisms such as fatigue may involve local dislocation enhancement or porosity, which act as local pinning points for Bloch wall movement [55] . These local pinning points are magnetic dipoles which may increase self-magnetization.
Conclusions
The magneto-mechanical memory (MMM) signal on the surfaces of L80 and 20 other structural steel specimens was recorded by AMR sensor arrays. The results show evidence of the residual magnetic leakage field (RMLF) signal due to applied load and the presence of notches as would be expected. A matched filter was applied to the results in order to extract the small perturbation on the magnetic signal. The main conclusions are:
• The stress history affects the MMM signal, but the effects are small in the steel samples tested.
• An irreversible change is seen in the initial elastic loading to a given load, while subsequent unloading and reloading at the same elastic stress level gives reversible changes.
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• There is no evidence that plastic deformation builds up a cumulative magnetization; rather, it tends to erase the MMM signal.
• The perturbation of the magnetic signal due to notches without load is proportional to the applied magnetic field. Plastic deformation and residual stress generated around the notches after loading will increase the remanent flux leakage, but it remains small.
The results presented here showed no indication of the cumulative magnetoplastic effect that is required for the MMM as described by Dubov et al. to be capable of reliably detecting small areas of stress concentration. These observations suggest that the MMM effect is very small in the different grades of L80 pipeline steels and other structural steels that have been tested and it will not be a useful technique in practice in the field for these steel alloys.
Naturally, the absence of evidence for cumulative magnetization upon cyclic loading in M A N U S C R I P T
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Stress history affects the MMM signal; the effects are small in L80 materials tested.
Significant irreversible change always occurs only in the first loading cycle.
No evidence that plastic deformation builds up a cumulative magnetization.
The MMM effect is very small in the L80 alloy and structural steel samples tested.
View publication stats View publication stats
